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(54) Plastic article containing a metallic bactericidal agent 



(57) An article of plastic material having a bactericid- 
al surface in which a number of ceramic or base metal 
particles of a mean diameter of 0.01 to 0.5 ^m having 
thereon bactericidal metal particles of a mean diameter 
of 0.0001 to 0.1 |im (the mean diameter of the bacteri- 
cidal metal particles is smaller than the mean diameter 



of the ceramic or base metal particles) are embedded 
under the condition that a portion of the particle is ex- 
posed above the surface of the plastic article. The above 
ceramic or base metal particles having the bactericidal 
metal particles on their surface are also effective to ster- 
ilize liquid or solid meterial. 
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Description 

FIELD OF THE INVENTION 

5 The present invention relates to an article of plastic material having a bactericidal surface, and further relates to a 

method for sterilizing liquid or solid material. 

BACKGROUND OF THE INVENTION 

10 Recently, Infection with MRSA (methicillin resistant Stapylococcus aureus) in a number of hospitals has become 

a serious problem. The MRSA is resistant to almost all of antibiotics. Therefore, metallic bactericidal agents which are 
non-antibiotic bactericides are paid attention. From ancient times, it has been known that metals and ions of mercury, 
silver, copper, zinc, and the like show bactericidal action. The bactericidal mechanism of such bactericidal metals differs 
from that of antibiotics. Accordingly, it is expected and acknowledged that silver and other bactericidal metals are effective 

IS to inhibit growth of various microorganisms and these microorganisms never acquire resistance to the bactericidal met- 
als. 

Utilization of the bactericidal metals has been studied in the form of a metallic powder (e.g., silver metal powder), 
a metal substituted zeolite (e.g., silver zeolite, a zeolite having a silver ion which is introduced by replacing a part of an 
alkali metal ion of zeolite), a silver plated non-woven fabric, a silver-complex compound. Some; metallic bactericidal 

20 agents have been employed In practice. For instance, a bactericidal metal or its compound is embedded with an exposed 
surface in a filament for the preparation of clothing for clinical practitioners or patients, in articles of plastic material such 
as inner walls of refrigerators, tubs of washing machines, a grip portion of ball-point pen, and a handle of bicycle, or a 
silver metal powder is mixed with sand of sandpit (or sandbox). 

It is known that silver (or other bactericidal metals) inhibits growth of microorganisms by one of two mechanisms, 

2S that is, by bacterfeidal action of silver ions released from a silver compound such as a silver zeolite or a silver complex 
compound and by production of active oxygen on the surface of silver metal in the form of a silver powder or a silver 
plated article. The former silver zeolite and silver complex compound show high bactericidal activity within a short time 
of period, but such high bactericidal activity rapidly diminishes when most of silver ions are released from the zeolite 
and complex compounds. The latter silver metal shows bactericidal activity for a long time of period, but the bactericidal 

30 activity per a unit amount Is not high. Further, since a silver metal plated on a fiber is easily dropped, clothes made of 
the silver metal-plated fibers become to show poor bactericidal activity after the clothes are washed several times. 

In summary, known metallic bactericidal agents in the form of a silver metal powder, silver zeolite, a silver complex 
compound, a plated silver layer, etc., have problems such as expenslveness, unsatisfactory bactericidal avtivity. and 
insufficient durability of bactericidal activity. 

35 

SUMMARY OF THE INVENTION 

The present invention has an object to provide a metallic bactericidal agent which is inexpensive and shows non-tox- 
Icity. high bactericidal activity and satisfactory durability of such high bactericidal activity. 
40 There is provided by the invention an article of plastic material having a bactericidal surface in whk:h a number of 

ceramic or base metal particles of a mean diameter of 0.01 to 0.5 ^m are embedded under the condition that a portion 
of each particle is exposed over the surface, said ceramic or base metal particles having bactericidal metal particles of 
a mean diameter of 0.0001 to 0.1 ^im dispersively fixed thereon, the mean diameter of the bactericidal metal particles 
being smaller than the mean diameter of the ceramic or base metal particles. 

Also provided by the invention is a method for sterilizing liquid or solid material, which comprises bringing the liquid 
or solid material into contact with a number of ceramic or base metal particles of a mean diameter of 0.01 to 0.5 ^im on 
which bactericidal metal particles of a mean diameter of 0.0001 to 0.1 ^im are dispersively fixed, the mean diameter of 
the bactericidal metal particles being smaller than the mean diameter of the ceramic or base metal particles. 

Preferred embodiments of the present invention are described below: 
so The ceramic or base metal particles have a mean specific surface of 10 to 100 m^/g. 

The bactericidal metal is silver. 

The ceramic or base metal particles have a mean diameter of 0.01 to 0.1 

The bactericidal metal particles are fixed on the ceramic or base metal particles in an amount of 1 to 25 weight %. 
The mean diameter of the bactericidal metal particles is 1 to 20 % of the mean diameter of the ceramic or base 
ss metal particles. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a microscopic photograph (magnification: 60,000) of a titanium dioxide powder having silver metal particles 
on its surface, which is according to the invention. 

5 

DETAILED DESCRIPTION OF THE INVENTION 

The present inventors have noted that ceramic fine particles (or fine particles of base metal) such as fine particles 
of barium titanate, titanium dioxide, and silica show relatively low agglomeration, and these particles can easily receive 
10 extremely fine silver metal particles on therr surfaces by a chemical deposition method. Further, the inventors have found 

that the fine ceramic particles having very fine silver metal particles thereon are uniformly dispersed in a plastic resin 
material for molding, and when such ceramic particles having the silver metal micro-particles are embedded in a molded 
material in such manner that a portion of each ceramic particle is exposed over the surface of the molded material, the 
molded material show high and durable bactericidal activity. The present invention has been made on this inventor's 
IS finding. 

The generally employed silver metal fine powder has a mean particle diameter of several microns (e.g.. 1 to 1 0 ^m). 
A silver metal powder having more small particle diameter shows extremely high agglomeration so as to produce a 
secondary and more agglomerated mass. Moreover, such agglomerated mass is highly resistant to dispersion (I.e., 
deagglomeration) to give the original primary particles. In contrast, the extremely fine silver metal particles (such as 
20 those having a very small diameter of less than 0.1 \im) deposited on the ceramic or base metal fine powder show 
relatively low agglomeration and can be uniformly dispersed in a resin material or the like together with the ceramic or 
base metal carrier particles. 

As Is described above, the metallic bactericidal agent of the Invention which comprises a fine ceramic or base metal 
powder having extremely fine silver metal particles on Its surface is well compatible with a resin material. Therefore, the 

2S resin material having the ceramic or base metal powder therein shows stable resin characteristics such as fluidity and 
Is almost free from deterioration possibly caused by Incorporation of additives. Moreover, since the metallic bactericidal 
agent of the Invention is highly heat resistant (for instance, a titanium dioxide powder having a silver metal fine particles 
thereon does not deteriorate even at 350°C), the bactericidal agent does not show decrease of Its bactericidal activity 
after it is kneaded with a melted resin material under heating. It is further noted that a resin material containing the 

30 metallic bactericidal agent of the inventk^n shows alnrK)st no variation in its resistance to ultra-violet rays, resistance to 
weather, resistance to chemicals, surface gloss, and physical strength. Accordingly, the metallic bacterickJal agent of 
the invention is freely employable taking almost no consideration of adverse effect to resin materials. 

Examples of the micro-powdery ceramic or base metal material which forms a core or carrier of the metallic bacte- 
ricidal agent of the invention include barium titanate, titanium dioxide, silica (silicone dioxide), alumina (aluminum oxide), 

35 zirconium oxide, nickel metal, and copper metal (for depositing silver fine particles thereon). Preferred are ceramic 
powders such as barium titanate powder, titanium dioxide powder, and silica. 

The ceramic or base metal particles have a mean diameter of 0.01 to 0.5 |xm (preferably, not larger than 0.1 \xm\ 
more preferably, not larger than 0.08 \im). Moreover, the ceramic or base metal particles preferably have a large specific 
surface area in the range of 5 to 100 m^/g, more preferably 10 to 100 m^/g. 

40 The metallic bactericidal agent of the invention is prepared by dispersivety depositing a silver or other bacterickJal 

metal in the form of an extremely fine particles by known chemical deposition methods. In more detail, the ceramic or 
base metal powder is dispersed in an aqueous medium, and mixed with an aqueous solution of a salt of silver or other 
bactericidal metal. To the resulting dispersion is added a reducing agent so as to deposit micro-fine particles of silver 
or other bactericidal metal over the surface of the ceramic or base metal powder. 

^ A number of bactericidal metals are known. Silver is preferred because It is highly safe and shows high bactericidal 

activity. However, other bacterickJal metals such as copper and zinc can be employed depending on purposes. 

The ratio of the core material (i.e., ceramic or base metal powder) and the bacterickJal metal dispersed thereon 
preferably ranges 100:0.1 to 100:60, preferably 100:1 to 100:25, by weight. The preferred ratio can be described by 
70:20 to 99:1 , preferably 66:34 to 95:5, by weight. In terms of the core material:bactericidai metal. 

so The fine powdery metallic bacterickJal agent of the invention can be incorporated in a variety of molded articles 

under the condition that a portion of each particle is exposed over the surface of the molded articles, and gives semi- 
pemianent bactericidal activity. Examples of the articles include filament and fiber of synthetic polymers (such as poly- 
ester, polyamlde, and polyethylene). The filament or fiber having the fine powder metallic bactericidal agent under the 
condition a portion of each particle is embedded and other portion is exposed over its surface can be woven or knitted 

ss to give clothing for medical practitioners and patients, sheets for hospital beds, curtains for hospitals, or bandages. The 
above filament or fiber can be also used for preparing underwear and socks. The fine powdery metallic bactericidal 
agent of the invention can be kneaded with resin materials for producing inner walls of refrigerators, various parts to be 
equipped within refrigerators, washing tubs of washing machines, filters of vacuum cleaners, grips of ball-point pens, 
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various parts to be installed within motor cars, receivers of telephones, tableware, bactericidal paints, keyboards of 
personal computers, wall papers, filters and various parts for water purifiers, plastic kitchen boards, caulking material, 
fishing nets, wrapping films for meat, fish and vegetable, and flower vases. The fine powdery metallic bactericidal agent 
of the invention can be mixed with sand in a sand pit to sterilize the sand, or can be incorporated into water within a 
5 flower vase so as to sterilize the water and prolong the life of flower. The fine powdery metallic bactericidal agent of the 
invention can be mixed with a deodorant powder or a nursery powder to inhibit growth of microorganisms on the skin. 

Example 1: Silver-Deposited Titanium Dioxide Powder 

10 1 ) Preparation of silver diamine nitrate solution 

In 200 mL of pure water was dissolved 8.0 g of silver nitrate (containing 5.0 g of Ag). To this solution was added 50 
mL of aqueous ammonia to give an aqueous solution of an ammine complex of silver nitrate (silver diamine nitrate). 

IS 2) Preparation of silver(l 0 wt.%)-deposited titanium dioxide powder 

The silver diamine nitrate solution obtained 1 ) above and 1 ,000 mL of pure water were added to 45 g of a powdery 
titanium dioxide (mean particle diameter: 0.02 )im, specific surface area: 40.8 m^/g), and the mixture was processed by 
a ultra-sonic dispersion mixer. To the resulting dispersion was added 200 mL of an aqueous glucose solution containing 
20 10 g of glucose. The mixture was then stirred at 40-60'C for 1 hour to deposit metallic silver micro fine particles on the 
titanium dioxide powder. The silver-deposited powder was collected by decantation, washed with water and dried to 
give 50 g of a silver(10 wt.%)-deposlted titanium dioxide powder (mean particle diameter: 0.02 ^im, specific surface 
area: 40.6 m^/g), 

25 Example 2: Silver-Deposited Titanium Dioxide Powder 

1 ) Preparation of silver diamine nitrate solution 

In 1 ,000 mL of pure water was dissolved 40 g of silver nitrate (containing 25 g of Ag). To this solution was added 
30 250 mL of aqueous ammonia to give an aqueous solution of an ammine complex of silver nitrate (silver diamine nitrate). 

2) Preparation of silver(50 wt.%)-deposited titanium dioxide powder 

The silver diamine nitrate solution obtained 1 ) above was added to 25 g of a powdery titanium dioxide (mean particle 
diameter 0.02 ^im. specific surface area: 40.8 m^/g), and the mixture was processed by a ultra-sonic dispersion mixer. 
To the resulting dispersion was added 500 mL of an aqueous glucose solution containing 50 g of glucose. The mixture 
was then stirred at 40-60° C for 1 hour to deposit metallic silver micro fine particles on the titanium dioxide powder. The 
silver-deposited powder was collected by decantation, washed with water and dried to give 50 g of a silver(50 wt.%) 
-deposited titanium dioxide powder (mean particle diameter:0.04 jim, specific surface area: 24.6 m^/g). 

Example 3: Silver-Deposited Titanium Dioxide Powder 

1 ) Preparation of silver diamine nitrate solution 

45 In 90 mL of pure water was dissolved 4.0 g of silver nitrate (containing 2.5 g of Ag). To this solution was added 10 

mL of aqueous ammonia to give an aqueous solution of an ammine complex of silver nitrate (silver diamine nitrate). 

2) Preparatbn of silver(5 wt.%)-deposited titanium dioxide powder 

so The silver diamine nitrate solution obtained 1 ) above and 250 mL of pure water were added to 47.5 g of a powdery 

titanium dioxide (mean particle diameter; 0.2 jim, specific surface area: 11 .43 m^/g), and the mixture was processed by 
a ultra-sonic dispersion mixer. To the resulting dispersion was added 50 mL of an aqueous glucose solution containing 
5 g of glucose. The mixture was then stirred at 40-60^*0 for 1 hour to deposit metallic silver micro fine particles on the 
titanium dioxide powder. The silver-deposited powder was collected by decantation, washed with water and dried to 
ss give 50 g of a silver(5 wt.%)-deposited titanium dioxide powder (mean particle diameter: 0.2 jim, specific surface area: 
10.6 m^/g). 

A microscopic photograph (magnification: 60,000) of the resulting silver-deposited titanium dioxide powder is given 
in Fig. 1 . It is observed that micro fine particles of silver metal are dispersively deposited on the surface of the titanium 
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dioxide fine powder. 

Example 4: Silver-Deposited Titanium Dioxide Powder 

5 1 ) Preparation of silver diamine nitrate solution 

In 80 mL of pure water was dissolved 8.0 g of silver nitrate (containing 5.0 g of Ag). To this solution was added 20 
mL of aqueous ammonia to give an aqueous solution of an ammine complex of silver nitrate (silver diamine nitrate). 

10 2) Preparation of sitver(10 wt.%)<leposited titanium dioxide powder 

In the silver diamine nitrate solution obtained 1) above was dispersed 45 g of a powdery titanium dioxide (mean 
particle diameter: 0.2 jim, specific surface area: 1 1 .43 m^/g), and the mixture was processed by a ultrasonic dispersion 
mixer To the resulting dispersion was added 100 mL of an aqueous glucose solution containing 10 g of glucose. The 
15 mixture was then stin-ed at 40-60'*C for 1 hour to deposit metallic silver micro fine particles on the titanium dioxide 
powder. The silver-deposited powder was collected by decantation, washed with water and dried to give 50 g of a silver 
(10 wl.%) -deposited titanium dioxide powder (mean particle diameter: 0.2 |im, specific surface area: 9.85 m^/g). 

Example 5: Silver-Deposited Titanium Dioxide Powder 

20 

1) Preparation of silver diamine nitrate solution 

In 48 mL of pure water was dissolved 0.8 g of silver nitrate (containing 0.5 g of Ag). To this solution was added 2 
mL of aqueous ammonia to give an aqueous solution of an ammine complex of silver nitrate (silver diamine nitrate). 

25 

2) Preparation of silver(1 wt.%)-deposited titanium dioxide powder 

In the silver diamine nitrate solution obtained 1) above was dispersed 49.5 g of a powdery titanium dioxide (mean 
particle diameter: 0.2 fim, specific surface area: 11 .43 m^/g), and the mixture was processed by a ultrasonic dispersion 
30 mixer. To the resulting dispersion was added 10 mL of an aqueous glucose solution containing 1 g of glucose. The 
mixture was then stirred at 40-60°C for 1 hour to deposit metallic silver micro fine particles on the titanium dioxide 
powder. The silver-deposited powder was collected by decantation, washed with water and dried to give 50 g of a silver 
(1 wt.%)-deposited titanium dioxide powder (mean particle diameter: 0.2 ^m. specific surface area: 10.42 m^/g). 

35 Example 6: Evaluation of Bactericidal Activity 

Bactericidal activity against Escherichia co// was examined using the silver metal-deposited titanium dioxide pow- 
ders of Examples 1 and 2 as well as a silver metal powder (mean particle diameter: 1 p.m, specific surface area: 0.4 
m^/g: control) using the conventional method. It was observed that the bactericidal activity given by the silver-deposited 
40 titanium dioxide powder was apparently higher than the bactericidal activity of the control silver metal powder. 

Example 7: Evaluation of Bactericidal Activity 

Bactericidal activities against MRSA (methicillin resistant Staphylococcus aureus), Escherichia coli, and Pseu- 
45 domonas aeruginosa were evaluated using the silver deposited titanium dioxide powders of Examples 3 and 5 (anrraunt 
of deposited silver metal: 5 wt.% for the powder of Example 3 and 1 wt.% for the powder of Example 5). For the evaluation, 
50 mM phosphate buffers of different concentrations. (100 ^g/mL to 0.20 ^g/mL) and a commercially available broth 
(produced by NIssui Co., Ltd.) were used, and incubation was conducted at 35° C for 18 hours. The bactericidal activity 
was evaluated by examining increase or decrease of the cultured microorganisms. The results are set forth in Table 1 . 
so The control experiments were also conducted using the phosphate buffer which did not contain the silver metal-deposited 
titanium dioxide powder. In consideration of increase of the cultured microorganisms in the control experiment (number 
of incubated microorganisms: 10,000; number of cultured microorganisms: 100,000), the effective amount of bactericidal 
agent was determined when the number of microorganisms decreased to 50 or less. 

55 
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Table 1 





Ag-Ti02 Powder 


MRSA 


E. coli 


P. aeruginosa 




Example 3 (Ag:5%) 


078 


0.20 


3.13 


5 


Examples (Ag:1%) 


1.56 


0.20 


6.25 



Example 8: Preparation of Bactericidal Article 



One weight part of the silver-deposited titanium dioxide powder obtained In Example 1 was mixed with 100 weight 
parts of ABS resin. The mixture was kneaded and molded to prepare a ABS resin film sheet. Microscopic obsen/ation 
on the resin film sheet revealed that a large number of the silver-deposited titanium dioxide particles were embedded 
In the sheet under the condition that a portion of the embedded particle was exposed over the surface of the sheet. 

Example 9: Preparation of Bactericidal Article 

One weight part of the silver-deposited titanium dioxide powder obtained in Example 3 was mixed with 100 weight 
parts of a polyethylene resin. The mixture was kneaded and molded to prepare a polyethylene resin film sheet of 20 ^m 
thick. Microscopic observation on the resin film sheet revealed that a large number of the silver-deposited titanium 
dioxide particles were embedded in the sheet under the condition that a portion of the embedded particle was exposed 
over the surface of the sheet. 

A piece of uncooked fish {Bdryx splendens) was wrapped with the above film sheet having the partly embedded 
silver-deposited titanium oxide powder and kept at room temperature. In parallel, a similar piece of the uncooked fish 
was wrapped with a simple polyethylene resin film of 20 ^m thfck and kept at room temperature. After 1 6 days, the color 
of the fish piece of the control trial darkened, while the fish piece wrapped with the polyethylene resin sheet containing 
the Ag-deposited TIO2 showed no color change. 

Example 10: Preparation of Bactericidal Article 

One weight part of the silver-deposited titanium dioxide powder obtained in Example 3 was mixed with 100 weight 
parts of a polyethylene resin. The mixture was kneaded and molded to prepare a polyethylene resin filament of 300 jim 
thick. Microscopic obsen/ation on the resin filament revealed that a large number of the silver-deposited titanium dioxide 
particles were embedded in the filament and slightly protruded from the surface of the filament. 

In a flower vase, 300 mL of water and 30 cm (0.02 g) of the above-obtained filament. In the vase, a tulip was placed 
and kept at room temperature. A control experiment was conducted in parallel using water alone. After 10 days, the 
tulip of the control experiment drooped and its color darkened, while the tulip kept in water in the presence of the poly- 
ethylene resin filament containing the Ag-deposited TIO2 showed almost no change. 



1. An article of plastic material having a bactericidal surface in which a number of ceramic or base metal particles of 
a mean diameter of 0.01 to 0.5 ^m are embedded under the condition that a portion of each particle is exposed 
over the surface, said ceramic or base metal particles having bactericidal metal particles of a mean diameter of 
0.0001 to 0.1 |im dispersively fixed thereon, the mean diameter of the bactericidal metal particles being smaller 
than the mean diameter of the ceramic or base metai particles. 

2. The article of claim 1 , wherein the ceramic or base metal particles have a mean specific surface of 5 to 100 m^/g. 

3. The article of claim 1 , wherein the ceramic or base metal particles have a mean specific surface of 1 0 to 1 00 m^/g. 

4. The article of claim 1 , wherein the bactericidal metal is silver. 

5. The article of claim 1 , wherein the ceramic or base metal particles have a mean diameter of 0.01 to 0.1 p.m. 

6. The article of claim 1 , wherein the bactericidal metal particles are fixed on the ceramic or base metal particles in an 
amount of 1 to 25 weight %. 
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7. The article of claim 1 , wherein the mean diameter of the bactericidal metal particles Is 1 to 20 % of the mean diameter 
of the ceramic or base metal particles. 

8. A method for sterilizing liquid or solid material, which comprises bringing the liquid or solid material into contact with 
a number of ceramic or base metal particles of a mean diameter of 0.01 to 0.5 ^im on which bactericidal metal 
particles of a mean diameter of 0.0001 to 0.1 |im are dispersively fixed, the mean diameter of the bactericidal metal 
particles being smaller than the mean diameter of the ceramic or base metal particles. 

9. The method of claim 8, wherein the ceramic or base metal particles have a mean specific surface of 5 to 100 m^/g. 

10. The method of claim 8, wherein the bactericidal metal is silver. 

11. The method of claim 8, wherein the bactericidal metal particles are fixed on the ceramic or base metal particles in 
an amount of 1 to 25 weight %. 

12. The method of claim 8, wherein the mean diameter of the bactericidal metal particles is 1 to 20 % of the mean 
diameter of the ceramic or base metal particles. 
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FIG. 1 
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